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exitet , ollo C'1 liit ea ;f I ]y illt otLl two d. t tthoir inhorent

I ii ti ij lOsU. A g Lven , imu ot Lon can not tb deo.scrib ed partial ly in gate
-t

level and partially in a higher level. A solution I.r to create a

functional level pr -procusoar and a library of functional device

models l-inked to a gate levil simulator's input language. This permits

the mixing of behavioral Liodeis with gate lvel mod.ls In the sanie system

structure. The combination of processes (element models or primitives)

and their structure (interconnections) can be exercised all at one time

during a single simulation session. .Froia the start, there

came forth ,il obvious .n:_a . iC.I coull! be us'el to intermix

the several levels of mcdeli; . (*',

Two separate pieces of software were written tI lmpJ.ement a specific solution

to the above stated situation. SISL, Structural Interface to the Salogs

Languagc was created. This is a functLonal level preprocesor to SALOGS

(SAndia LOGic Simulato:) which is an eight-state, MOS, gate level

digital system-3 simulator. SISL will accept functional level systems

descrLptions and convert tee-m to a form acceptable to SALOGS.

Thu other effort was the building of a functional level modeling

librlary. Tii iii: .rry coi.si-ts of three behavior models: a 4-16 decoder,

a 204P X 8 ROM, and a 256 X S RAM, Those models :re designed to be used

. in a functional level/gate level model of a digital system and will

link to ihe SLCS run tirc sv:;tem. To ;-t-her, these two programs, (STSL

and C ie tnod,!i ng 1 lbrary) pro Jde thIe Casy use of tile top-down approach

to d tgital ys ,, dign. 'l , the projl, ct's cu Uln itLon.

V
(*) S:, Chaptlre 3 and 7 for O.- on tho hierarrliv of

i .• " " dii i g t t , l s y s, t e m s l i n d e ' l[ ,, .
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Ci 1. NTROJAICTIN

Gate level simulation along with register transfer level descriptions

has been the bread and butter of computer aided logic design [12,863.

Until the present time, eight-state, gate level simulation of digital

devices has sufficed for the development of most logic circuits. The eight

states are: low level, undefined, high impedence, high level, negative slope,

transient undefined, transition to high impedence, and positive slope [A1,12].

In the past, many simulator packages have been restricted to gate level

models because the state of the art would not support more general types

of modeling [S9,25). This restriction has caused many problems as the

state of the art in digital device construction has improved.

PROBLEM

One of the major problems of digital simulation is that large systems are

prohibitively difficult to describe and simulate at the gate or register

difficult to describe and simulate at the gate or register transfer levels.

transfer levels. The dpcire, therefore, was to create a new level of

simulation called the functional level [H2,86).

At this level the designer can specify subsystems such as ROM, RAM,

busses, shift registers; in short, logical devices of arbitrary complexity.

Functional level modeling, as addressed by this investigation, is meant

occurs during the "...circuit description language..." phase of the typical

CAD (Computer Aided Design) run.

5
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The modeling aind simulatLon of a digital system follows a pattern

which enhances the use of machine assistance. Material developed via

simulation can be used in the actual iniplementatLon as well. Fig CHI-[

[C8,2921 depicts the simulation proces-. The intent is

to affect only the indicated phase and to let the rest of the simulation

to proceed as if no modifications had taken place. At this phase

functional/gate level models are described, not just gate level models as

in the past. SISL does its work at this node and SALOGS picks up the

process at the "...gate level simulation..." node.

GOAL

It should be possible to allow computer designers to focus on certain

portions of a digital system's logic while ignoring details of other

portions. Designers should be able to "black box" certain portions of a

big system. At times it will not be known what the future contents of a

module will be, only that it will have to exist in the system.

The results of this study should allow the designer to choose which

blocks to describe at the gate level and which to describe at the functional

level. A person would thus be encouraged to follow a top-down design

methodology. A preprocessor to the gate level simulator should handle the

connections between the two levels of descriptions.

It is possible to develope software which can give a great deal of

4 help to the designer during any attempts at higher level models and

simulations.

7



APPROACH

Tho above goal was met by designing a library of functional

level subroutines. A functLonal level preprocessor was also developed. The

preprocessor accepts digital descriptor input and converts it to a form which

logically links the subroutine library to the input language of a commonly

used gate level digital simulator. Such a common industrial simulator is

found in SALOGS, an eight-state computer-aided-design (CAD) system developed

at SANDIA LABS [C2,1] (Appendix D3.

Salogs allows the user to describe models composed of MOS gate level

primitives (AND, OR, etc.) and to perform simulations using those models.

It will also do fault analysis. Another feature is a capability to accept

subroutines which are callable as modeling primitives.

This approach to the realization of the goal must necessarily be

clearly defined as to what may be expected of it.

I'i
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4 SCOPL

The preprocessor mentioned above does not convert functional

descriptions into gate descriptions. It does, however, create the

logical linkages to the SALOGS input language so that pin connections,

device names, and other parameters required by SALOGS are made

consistent with the users' gate level portion of the overall system being

modeled. The preprocessor delivers two outputs based on the functional level

description it receives: functional identifiers required by

SALOGS and a model specifying the overall functional system. From these

outputs, the preprocessor creates a file of functional descriptors

which can be appended to the gate level portion of the users' description.

The user must identify his interconnections to the preprocessor's

circuit. Since SALOGS allows the linking of subroutines to its own

code, no modifications have to be made to SALOGS itself. The software

is run in batch mode due to the extended amount

of wall time and core required by the SALOGS software (*). To

ensure portability, the project was done in ANSI 66 standard FORTRAN IV,

the same as SALOGS itself.

The library of functional models is written to deliver useful information

to the designer. These models (which account for all eight states),

under specific inputs will indicate that an unspecified input has

occured rather than behave as the real circuit would.

4 There are some o Ther ideas and features which should be presented.

These have to do with the development of the software and techniques

of functional level modeling.

(*) Wall time varies according to how many Jobs are currently being

handled by the computer system. Core is constant at around 200K for
each program in the SALO(S/SIS1, serieq.

9



FOR FURTHER DISCUSSION

The body of this thesis is concerned with three ideas: digital

modeling in general, the methods of functional modeling, and the

internal workings of the SISL preprocessor.

Chapter 2 gives an introduction to some of the basic ideas used by

those who actively engage in the simulation of digital systems.

Some approaches to the subject are generally accepted in the

simulation community as standard and this chapter reviews these.

Chapters 3 and 4 discuss the top-down method of digital system design

and its specific application to this project.

Chapters 5 and 6 present some general methods of creating behavioral

models of digital devices. These were developed for use in this investigation

and are applied to the modeling library.

In Chapters 7 and 8 one will find an overview of digital system

representation levels and a few of the languages used to work at one

or more of those levels. SISL is an application of the ideas found in

these other digital system description languages.

The thesis closes with the summary and conclusions found in

Chapter 9.

These presentations are supported by an Appendix and Glossary. In the

Appendix will be found users' guides to the various software, listings of the

SISL and modeling programs, sample runs, and flowcharts. The Glossary defines

the specific terms used and will clear up any confusion as to

their meaning.

10



CI1 2. AN OVERVIEIW OF THE COri'1 i:R AIDII) DESIGN OF DIGtITAL SYS'f,-MS

This chapter revtivws some of the basic approaches to digital systems

simulation. It begins with a definition of what computer aided design

should accomplish and goes on to the general ways in which one may

employ simulation techniques for digital systems. A summary provides

information on the current uses of simulation.

DISCUSS ION

Because of the complexity and economics of today's digital systems,

a design tool is needed that will allow the error free analysis and testing

of circuit implementations (*). This tool should not require the physical

realization of the circuit. Such a tool has been found in the form

of a computer running a piece of software which will exercise a digital

system that has been described in the input to that software. Programs of that

nature performing computer-aided-design (CAD) permits the digital designer

to submit his circuit ideas to strict and nearly complete simulation and

analysis without having to physically construct the hardware.

Many such simulation tools exist today [B2,1] [C2,1] [Vl,l] [V3,1].

(See the Bibliography for papers on specific languages.) They provide

an entrance to the solution of modeling problems. Most of the larger

companies in the computer industry are involved in CAD research. Among

these is IBM [BI,20].

4[

V

(*) Unless otherwise noted, the references for this chapter are found

in the works by Acken and Case listed in the bibliography.
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The simulation of a digital system iv the description of the

system model in an appropriate computer language along with the

computer's experimenLation with that model. Through thc: use of CAD

software, a circuit description and operating parameters are taken as

input, with experimental and statistical results of the circuit

simulation as output.

TWO GENERAL TYPES OF SIMULATION

There are two general types of logic simulation: True-Value Analysis

and Fault Simulation. A designer using True-Value Analysis is judging

the circuit's ability to perform according to the original

specification of the design criteria. Fault Simulation is employed to

observe system operation under various forms of circuit flaws.

(TRUE-VALUE ANALYSIS) In its most fundamental form, True-Value Analysis

is the acceptance of the logical description of a circuit, the application

of logical values (l's or 0's) to the circuit's inputs, and delivering as

output the Boolean result of the combination of circuit and inputs.

An extension of simple Boolean modeling in terms of the binary values

1,0 is to add a state to the simulation called a DON'T KNOW or

UNDEFINED (or *). This unknown logic state is distinct from a DON'T CARE

whose logic level can be either 1 or 0 with no affect on the operation

of the circuit.

Given smaller and smaller time steps, the time it takes a voltage to

rise to the I level or fall to the 0 level becomes important. As digitalI

circuits become faster and faster, the timing issue becomes more important.

I, Thus, more advanced simulators use three extra states:

D, negative slope; U, positive slope; and X, transition undefined.

I1
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Six-state simulation allows the computer modeling of very fast

digital systems without worrying about the particular technology to

be used in the actual system construction. Some simulators (SALOGS for one)

do incorporate MOS technology in their software. These simulators employ

two additional states result in an eight-state simulation. Those two

states: H, high impedance; and A, transition to high impedance are used

to simulate a device being effectively off-line.

Digital simulators which model various other technologies

usually have the ability to be set for four- or eight-state mode.

In four-state mode, the model operates using, high, low, undefined,

and high impedence. Eight-state mode simulates using the

added states of negative slope, positive slope, transition undefined,

and transition to high impedence (See Appendix D).

(FAULT SIMULATION) Fault simulation is performed to derive a set of input

signals which can then be used as stimuli to test the functioning of a logic

network. These signals form a test pattern which can be auutomatically generated

by the simulation software. When these signals are placed on a circuits' input,

they allow the detection of certain defects [T3,38]. Usually, single "stuck-at"

fault modeling is used due to the difficulties of multi-fault modeling.

In this method, only one defect is assumed and it is a particular

signal being "stuck at" or a "never changing" value. Either one of

the module's outputs is stuck or one of its inputs is stuck. There are

four ways to simulate a fault: fail-all simulation, which will fail all outputs

4 one at a time; parallel fault simulation, which simulates several faults at once;

deductive fault simulation, which lists faults which cause a change in the

output of a given module compared to the unfaulted circuit; and

concurrent faulting, which only simulates the parts of the faulted

circuit whose inputs, outputs, or states do not agree with the

unfaulted circuit.

F: 13
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SMPIARY

Since it has bccomt, so exp-n!Jve to hull 1 and test unproven hardware,

computer simulation of digital circuits is being employed wore often by

* ,the military and industry. Since design correctness can be verified

without actual hardware realization, the cost of design and implementation

is cheaper than it would be if computer simulation were not used.

Simulators make it possible, without risk to a physical circuit, to

study and experiment with a system or subsystem. (There is, however, a

certain financial risk associated with committing a facilities'

resources to the simulation task [S9,23].) Simulators make fine pedagogical

devices for teaching both students and practitioners the variations of

the design and analysis of digital systems. Perhaps one of the most

important benefits from an engineering point of view is that they

allow systems to be exercised under expanded, compressed- or

normal timing. Overall, they permit the designer to judge his designs

conceptually without actually having to build them.

Work on such design aids has been pursued by Sandia Laboratories

(Albuquerque NM), the Avionics Laboratory of the Wright Aeronautical Labs

and A r Force Institute of Technology (Dayton, OH), to name a few. As more

and more standard models of low level devices are created, digital modeling at

higher and higher levels becomes possible, thus overcoming the bottleneck of

man-years and computer resources required to create simulations of large

scale digital systems.

14
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CH 3. THE BUILDING OF A SYSTEM USING FUNCTIONAL MODELS

A digital system is not simply created in its final form. Tt is not

usually possible to design a working product on the first attempt. Several

systems are developed in the course of a development effort. These range

from the interconnection of a few high level subsystem blocks to

the detail of a gate level or lower model. This chapter introduces the

reader to the process of going from the higher, undetailed modeling

level to the lower, detailed level.

THE GATE LEVEL AND BLACK BOX BEGINNING

The desire to intermix gate and functional models derives from the

hierarchy of a top-down approach to digital systems simulation. In this

method, one begins with an undetailed viewpoint of the desired system.

This viewpoint is in terms of a few general blocks. As the modeling

effort goes on, these blocks are broken down into more detailed sub-blocks.

Finally, each sub-block is defined by progressively more complex units

until the desired level of detail is achieved.

Thus, the black box is a part of a model which, as yet, does not perform

as it ultimately will. It can be connected to more detailed portions such

as a block described in gate level detail. There is a certain technique to

using this mix when simulating with SALOGS.

15



USItl( T1Ii" BLACK BOX

SALOGS has the capability to "SET" the value of any of its nodes.

(For more discussLon on SALOGS see the SA[OGS USERS GUiDE in the Appendix.)

Such nodes will retain their set value regardless of system operation.

Therefore, the designer can allow the black box to either deliver some

default output for any input or deliver a SALOGS set output. The

model may then be studied under various conditions which may be

eventually produced by the future contents of the box. The default

outputs can be used to flag the fact that the box would have had some

effect on the systems' operation.

EXPANDING THE BLACK BOX

Gradually, decisions will be made as to the required output of the

box given certain inputs. Now the functional model may be expanded to

produce that output when the stated inputs occur. A default to some

flagging output (such as undefined) can be arranged for

non-specified inputs.

As more data is gathered and greater detail is developed, the

black box becomes a true functional model performing very nearly as

its gate level counterpart would. It has the advantage of using less core

and time to run and it ignores some of the unwanted or unneeded detail

attendant to gate level models. It can be expanded to any desired level of

detail depending on resources and the needs of a given simulation.

16
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Ci 4. SIMU!LATNC HIf-DIREUIO)NAL LINES

SAIOGS , t I "at t I k'v: 1 (ii , I. , !;)f id Utware , I i ; so vie particulair requtI. reme it

whc'n bi-dir,!ctLonal lites art called for. This chapter introduces the

background s of such lines and continues with the detailss of their simulation

in SALOGS.

INTRODUCING BI-DIRECTIONAL LINES

As chip manufacturers have heaped complexity upon complexity, the

number of pins necessary for I/0 has increased. Fourty pins has

generally become the acceptable maximum standard but some chips would

require more than that. Because of this, certain pins have been designed

to carry data in both directions. These pins thus make it possible to have

fewer connections to a chip while keeping the original number of options.

The issue of bi-directional lines should be addressed. If a design aid

is to maintain its capability to deal with state of the art systems, it

must accomodate the devices which make up those systems.

17
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SALOGS SI:11,AIMION F N i-Il IRECTIONAl,. [N ,S

SALOGS it':e lf vill not allow the direct itco of b.-dirction]i lines. Node-

are either input or output but not both.

Without modification to the SXLOS package,, it is rot possible to

truely simulate bi-directional lines. However, by using a buss

model and splitting each two-way line into one input and one output line,

one can still model devices with such lines. Along with this, one

can incorporate timing and clocking and delay parameters in the buss.

(The behavioral models themselves do not contain these parameters.)

Such a splitting out of bi-directional lines has not proven to be a

drawback to the modeling effort of this investigation. The RA4 and ROM

models to be discussed later use line splitting.

The buss model also solves a problem caused by the way SALOGS updates

nodes. Nodes are updated sequentially, one at a time each time step. When

bi-directional lines are used the wrong item could be updated first. Let us say,

for instance, that the CPU is talking to the RAM. If the RA)M is updated first

then the CPUs' input is not properly considered. The buss is

last to be updated so that the RAM and CPU get correctly updated in

the next time step. SALOGS is caused to update the buss last when the user

lists the buss last in a system description.

The buss model could be expanded to also handle buss contention. While

SALOGS can easily handle the fanout of output lines, it can not

describe the fanin of input lines. Only one output node can talk to

any given input node at any one time. If input to a given node can come

from more than one output node, some buss control must take place.

A SALOGS bi-directional buss can be written as a behavioral model

to handle several simulation requirements. The most important of these

are two-way lines. These are followed by timing, clocking, and delay

parameters;. One ftnal itvm is the doecript fon of a bu-so contention controller.

18



C11 5. CREATINN; A CIPS' ,YIHAV0IRALT MOI)Ei

Sev.,r i I' ;, m.wut' 1), co);m (l e 1d when wr l ln,;, :;ofrtware ei.LQh de.;CribCf;

a behavioral model. It Is not a straightforward task to construct such a

program. Presentted in thts chapter are the methods used and the considerat ions

taken in creating the behavioral modeling library.

COMPLEXITY VS. DETAIL

Many are the ways to create a behavioral model. Each method has its

own advantages and drawbacks.

Let D= detail of simulation

C- device compexity
K= a constant representing computer and human resources

Then D * C = K would be an excellent conceptual formula for describing

the various limitations to face when modeling a digital system (*).

The overall goal of modeling is to simulate in great detail very complex

devices while minimizing core and human involvement.

These ideas are very much at odds with each other. As the complexity

of the device increases, the limitations of computer and human resources

prevent the simulation of a great amount of detail. Conversely, if a large

amount of detail is required the same problem will not allow the modeling

of complex devices. As the available human and computer resources

increases or decreases so can detail and complexity to a proportional degree.

The follovling sections review several methods of creating behavioral

models. These wert, developed in the course of the attempts made

t' cr,..it.. uomicl yet detailed behavioral modeling library. There

will . . tr idefl evident in that, while a particular method may

be evafy to fripl.,:int, It may not always yield an economical or otherwise

usnib]e rodel.

(*) This forw, liion wa.n originally nrrgge!;tod by the sponsor, Rawlingn.
19



SI1PLE TABL!, D)M(,VEN MOPILS

The L.;tc ; way to drLv ' a, outl'u, from all ilnput i ; to 1-111, the

input to a location iii a table which contains the corresponding output.

It is helpful to as ,tgn a number to each of the eight states that any givent

node may attain:

SALOGS Assignment FORTRAN Assignment State

0 1 0 False
1 2 * Undefined
2 3 H High Impedance
3 4 1 True
4 5 D Downward Slope
5 6 X Transient Undefined
6 7 A Transition to High Impedance
7 8 U Upward Slope

When SALOGS fixes a node value it uses these assignments.

These must be converted to the FORTRAN assignments for array table

access. As an illustration, consider a box which has two inputs and two outputs.

The inputs can be modeled using a two dimensional table which is 8 X 8. The

output lines are modeled the same way only with an 8**2 X 2 table. There are

8**2 output possibilities due to the 8 X 8 possible input arrangements. The

following is an example of how the array tables are used to model the

box. Let input-line-i be in state A and input-line-2 be in state U.

This will cause a certain resulting output. SALOGS will represent the

input event as 6,7. The input table will be accessed using (6+1,7+1).

Contained in that location is the row of the output table which holds

20
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the requlred outplt liivt val e '; Each colunm of the Outiut array hold,; a

state for a de;;Lglat,d output .fnk. In general term;, an

8 X A .. x 8 1 litt t.L)io blo . ; t') n 8**:" X K nnl ptt t;h ( whore:

Nz I input liunI,
K= output lines

If K=1, then the value found in the input table is the state of the

output line. States assigned to output lines are SAU)GS assignments.

In this case, due to the stated behavior of the box, there may not be

8**2 unique output arrangements. If that proves true, the output

table may be shrunk accordingly to an H X 2 array; where M is the number

of unique outputs. M's maximum value is 8**2. The input table remains the

same size, but any given location could hold the same value as another.

In general, there is a maximuta of 8**Z unique outputs; where

Z is the number of output lines. Also, it may not matter which is input-line-I

and which is input-line-2. In other words, (input-line-i +1,input-line-2 +1)

may always yield the same value as (input-line-2 +,input-line-I +I).

In that case only the upper or lower triangle of the input matrix would be

needed. In FORTRAN, though, it is not possible to dimension a triangular

array. If carefully documented, the unused portion of the input

table could be applied to some other activity, thereby achieving a savings

in core.

Once the output array has been accessed, one needs to find there the

values which correctly define the devices behavior.

21
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(DERIVING TilE (UII'PlITS) Tho nelxt qfpe;tton involves exactly what outputs are

requilred from all the pos;ible input combinat ionu. For an original circuit, a

knTw'. ',o of tI'i chip; tt.'l11Ml vy tld cnifti-.i t Wot[ %:tnld hl: tie key. For ;pr.-

manufactured ciLcults, thtre i:- available an industrially proven and tested

gate level modeling package, SALOGS. Its primitIves (AND, OR, NOR, etc.)

are fully defined MOS models. They will deliver a correct output given

any combination of the states as input. With this package one could model

a device at the gate level, apply all possible input combinations, and

thus receive a corresponding list of outputs. This list can then be used

to load the output table. The gate model need be run only once. Its results

can be held in off-line storage until the data is needed to load the

I/0 arrays.

A problem with the above technique is that a gate level model taken

from a data book is only a logical model, not an operational one. Also,

it would be extremely difficult to model, say, a 64K RAM at the gate level.

So there are limitations to just how far one can go with this method.

Too, as the chip becomes more complex, a lot of core is required

to represent the I/0 tables. (A five input OR gate requires 8**5 array

locations.) On the other hand, not much time is used in the simple

array mapping process. These problems can be, in part, overcome by the

following technique.

22
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, TAhLE/ E~PAT'I ON , I)l I VFN MOhE I,:';

If .' t'trt.l In ,' on any i1%,t); ine j. u,.. .i. !;': tiht C .tiv

output arrangement, the I/) tables can be collapsed according ly.

Equattous, both arithmetic atid logical, would be then required to

recognize the states which cause fixed outputs. Other arguments

would be needed to map the other input combinations to the reduced tables.

For example; consider the five input OR gate which used 8**5 array locations.

Employing a combination of equations and tables this can be reduced to

7**5. A true on any input line causes a true output in an OR gate. Similar

thoughts affect the multiple input AND gate. Any input being

false will cause a false output.

Depending on how many states cause constant outputs, this method may

use less core than the previous one. However, the designer must deal with the

state recognition and mapping equations. These logical/arithmetic computations

may consume more time and core than the simple direct mapping arguments.

Experience has 3hown, however, that this method presents important

advantages over the simple table driven models. It is possible to carry

the use of equations even further as the next method will demonstrate.

TRUTH TABLE/LOGICAL EQUATION DRIVEN ,MODELS

DeviceA of lesser complexity than, say, a CPU are described

in the data books by a truth table. Since logical AND and

OR functions are a part of the ANSI standard FORTRAN, it is possible

to write logical expressions to represent output vs. input. These

equations take the form ABC+(-A)BC-O and so on; where the

left hand side is input and the right output. Each input value is

stored in its binary form (3=011 for instance.) A logical manipulation

of the bits representing the input values can give tie output values.

23
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By uitq. logical ,,llt nlo s, oit jpit va]Uiw,; can be derivs.,I froin ilpait valii !;

such thlt the out pill ,'iltt+'; .are those ndi -atcd by the dve'icv!s, spo. itfit;it (-:1

sieet. '"iuh ' 1 uo i ;il irt..10ient'i C.Ii1 also bL Pimll r-i.loi d i, A%:)/ ]."

eight-.:;t.it e Inalpping tibles . For instince: the 4-16 dcoder Lo he de:scribed

liter hat:: 16 uqualfun:; each of which acces:; tables representing a four

input OR gate and a one input inverter.

Extensions to tile aforementioned equations will have to be created if

the specification sheet only specifies certain input events. Some data

sheets do not specify the results of all eight sLates on input, only

the results of true and false. Others specify rising and falling slopes.

It is still necessary for the designer to account for all eight states

when creating a behavioral model since SALOGS could place these states

on the input lines. Some designers simply make the outputs all

undefined if any but the truth table values appear on the input. This

is acceptable as long as the overall modeling goal is reached. The desire

here is usually to perform logic verification. The valid inputs (in the sense

of the allowed input space) could be expanded to cover any of the eight

SALOGS states.

The tradeoff in core and time must be carefully considered here. A

large program can take up as much core as a sizable array and run

much slower than a simple table driven modol. Care should be taken to

S simplify as far as possible not only the code but the logical

equations as well. The tables which represent the eight state

OR and AND gates can be considered as free because they are accessibleI

by more than one model.

tThe last method I:s used to modol complicated VLSI ci rcuiits.
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FLINCTLON.\I, l)t; !R I DEMS 1,

For tLhe inO,,t comlox. o f devic"s, the data books provid ."1 filtlcttonilI

decr iptiott ol thu chips' oper.it[on. A IUR' iAN program can then ae

writLen to describe this functin al behavior. Certain results will be

guaranteed by the manufacturer. These will predict the output only

for certain constrained inputs. Other input events must be accounted

for by the model designer. That person must decide what should happen when

events outside the manufacturers' specification occur.

MODELING FOR TRUE CIRCUIT OPERATION VS. SIMULATION RESULTS

Primarily, the designer is interested in knowing whether an

unspecified event has occured. This is opposed to being concerned with

what the chip will actually do under that stimuli. The prefered simulation

result, in general, is an undefined output given unspecified inputs.

What a chip will do outside the valid event space depends on

several factors. Among these are: chip technology (MOS, TTL, etc.),

configuration, and a statistical model which represents which batch

the individual chip came from. By and large, designers desire a model

that works the same way all the time.

A device's configuration is usually proprietary information. Therefore,

it is not always possible to know how the chip is put together and thus

gain an idea of what will happen given all inputs. The manufacturer

only guarantees and specifies the results given certain inputs. On top of

this, designers do not always want what could be a

recognizable output to result from an input which should not occur. They

prefer some flagging output to mark the unexpected event. This is valid

when simulating for logic verification and proper system performance.

25
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CONCLtS I. WS

Th-ro ;liro sver:L waiy; t ) i :i): d , i chip . Thi.q d1, :u;:;Lou has co,'.,rod simnp,

table drivei odels, table/equation drIveui vodelr, truth table/logical

equation tiodcls, and functtonal operation tmiodels. A technique should be

chosen basud on w;hat iinformation is available on the device, resource

limitations, and the detail required.

These methods were used in this investigation to derive behavioral

models for three digital subsystems. A combination of methods was

found to be helpful in realizing additional savings in the amount of

computer resources required to implement a particular device's model.

a!
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C11 6. A FU.NCTI ONIAI L UVE, MODELING LIIIZi:AZY

To fulf ill t he 1J,!o.z of fznt im:il lev4.l ) 1141 oh'lo, ad,,ancd by this

thie.ts, a library of FORTRAN models was creaLtd. A 4-16 decoder, 2048 X 8 RO;A,

and a 256 X 8 RU wert. modeled and made to interface to SALOGS. They are

supported by eight state models of an inverLer and a four input OR gate.

These were chosen because of the immediate needs of the sponsors. These

needs reflect current projects which they have undertaken. A balance was

struck between core and time usage. Each model reflects trade-offs in

detail, complexity, and resources as well as in the accounting for the

results of input events not mentioned in the data books. All of the models

were tested by writing SALOGS routines which would exercise them

through the several functional operations specified by the manufacturer.

The tests were then compared with the expected results. In all cases, the

simulations were found to perform as described in the data books.

The remainder of this chapter will be concerned with the three models,

including their construction, operation, and use. Reference will

be made to their block diagrams, flowcharts, and listings.

THE 4-16 DECODER

The 4-16 decoder i ; discus,;ed first because it took by far the

longest time to model. Techniques, had to be developed to create various

kinds of models and an understanding of the realities of chip use had

I. to be reached.

.27

1.

27

, .-



A 4-16 decodert ba;!cally performs thLi; function: The binary value on

the four input line. I ,; read and evaluated. Dependig on that binary

value, one of the sixt (-n output lines Is set low; the rest are set

high. For Lnstance, 0001 on the input would couse outpit line I to

go low and lines 0 and 2-15 to go high.

As a first step in modeling this device, a large photograph was taken of

its gate level diagram found in the data book [NL,1-56j. Name,- were then

written on each node. A SALOGS gate level model was next constructed to exactly

represent the photograph. This model was then tested for results, outputs

vs. inputs, to derive the eight state results of all the possible input

combinations.

At first a simple table driven model was attempted. Required

for this was an input array 8 X 8 X 8 X 8 and an output array 8**4 X 16.

It was subsequently decided that this was a bit too much core even though

the simulation would execute very fast. So a truth table/logic equation

driven model was tried next.

To support this a table/equation driven model of P four input

OR gate was created along with a simple table driven model of an inverter.

The truth table of the decoder [NI,1-58] was then implemented by a series

of 16 OR gates. These gates perform as would the gate level SALOCS four

input OR gate. (SALOGS models a four input OK gite using three,

two input OR gates.) The equation for each decoder output line is:

D+C+B+A ; D+C+B+(-A) ; D+C+(-B)+A ; ... ; (-D)+(-C)+(-B)+(-A).

Each decoder output line is driven by its own OR gate.
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The following AI,4)(;S code wi 1 I allow the user to acce:3,'3 tile de oder:

O!DF:oo 0 16 4 20 8 0
0n 0 f 0) 0 09 0 07 08 00 1) t( I 1? 13 1,# 15 *

END WIWTOD)

$i",N i ) " lv

INPUT A0 1) CO 1)0
OUTPUT 0,) 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
ORDECOD 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

AO BO CO DO
END

If using the SISL preprocessor, the user would spccify:

ORDECODE 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 ; AO BO CO DO

and leave off the SALOGS $MODELS portion.

Appendix E shows the listing of the decoder modeling software.

Refer to the Appendix and the SISL USERS GUIDE for more on

specifying models to the preprocessor.

THE 2K X 8 ROM

A ROM "Read Only Memory" is a device which has a series of binary words

pre-loaded into its memory. On demand, it will place the addressed word on

its output lines.

29
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Ila rkdes t to s tmi l;at o-were t Itoti in spoc. ifi (Id input Ceen t s A f un ucttonaI O -pc r ., t- [ u)f

spec lficit Lon [ 12, 6-341 prov! ~Ikd thle hasih; for the final crezition. Sandia

-1b, 111i.d.. I fel; 1 i llwlzl o iev' f proprieot .;ry lafolrn11 L oni as to

how thec device ;ihoul d reacjt i~f unexpected inputs occured. Appendix

G Shows the original block ding ram of the ROM, thec implemented

block diagram, and the operational flowchart of the model.

Appendix G also shows the listing of the software.

To access the model use the following SALO0GS code:

$MODELS
R O!-8 0 9 18 27 10 0
READY DATA7 DATA6 DATA5 DATA4 DATA3 DATA2 DATAl DATAO
CLK CE CEINV ALEF RDTIV I.OMINV I.olRTNV
ADDRIO ADDR9 ADDR8 ADI)R7 ADDR6 ADDR5 ADDR4 ADDR3 *

ADDR2 ADDRl ADDRO
END ROM8
$END MODELS
INPUT CLK CE CEINV ALE RDINV IOMINV IORINV
ADDRIO ADi)R9 ADDR8 ADDR7 ADDR6 ADDR5 ADDR4 ADDR3 *

ADDR2 ADDR1 ADDRO
OUTPUT READY r)ATA7 DATA6 DATA5 DATA4 DATA3 DATA2 DATAI DATAO
ROM8 *
READY DATA7 DATA6 DATA5 DATA4 DATA3 DATA2 DATAl DATAO*
CLK CE CEINV ALE RDIIIV IOMTNV IORTNV*
ADDRIO ADDR9 ADDR8 ADDR7 ADDR6 ADDR5 ADDR4 ADDR3 *

ADDR2 ADURI ADDRO
END

If SISL is to be used specify:

ROM8 READY DATA7 I)ATA6 DATA5 DATA4 DATA3 DATA2 DATAI DATAC O
CLK CE CFINV A1,F RDINV IAl0',V IOKrNV ADDRlO ADDR9 ADDR8 ADDR7*
ADDR6 ADI)R5 ADI)R4 ADI)R3 AlDDR2) ADDRI AD'1)1'0

and leave off the SALO2,S $*1OI)ELS. portion.
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"lhv2 !tVI ;iud,.1 I; :* * t.J)}i':' 'j it.b li 1 1 f, rrtc; t hr f,~c L, m ,ll spec fit.C: t [:n.;

fokm i[l I ii .- u ,[-.it b ,)k. It I . ,t acotlu it 'uL : L:1ry i1f1l-::);tt on

its seci fiL ion 1I-1L';.

TiHE 256 X 8 RAM

The 256 X 8 RAM was relatively easy to create. A RAM "Randoim, Access

Memory" is very imuch like a ROM except that it can wcrite as well as read.

Its information may indeed be pre-loaded but that information is subject

to change while the system is running. Unless a new loading process takes

place, the RAM will loose its stored data while the ROM will not. (11,45]

Appendix F shows the original version of the RAM, the

implemented version, and its operational flowchart.

Appendix F also gives the listing of the RAM model. This model is based

on that of the ROM with the added writing feature.

J
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,' ac t ,i. . t he f, .'_ , i .' ode:

.,\, ): ] .', ): A :. . ..;' .):< *~-- . L

V. ...- 2 ..' .' ,- , .,I,

SEND 10AD;: 1S

INPUT D::;-j WRINV A;-:j' A],x: wiI 1 *
A\1,):I.7 ,.ufl b A,.). !:) AJ) :R A.,R ,3
,\i)JR 2 ,\l):).: I ,\le.KJ

OUrPUT DATA7 DATA0 !.ATA5 I)A'i,1. i)AfA3 I)ATA2 OIAT,\ I)A'TAO
RAiM8 *

DATA7 DAT,\6 DA'f.\5 AT\4 OATA3 I)AT,2 DATA1 DATA0 *

RESET WRLNV (C':1:;V AIL,2 R)[.,V I:0JNV *

AD)DR7 ADJDR6 A)DD,5 AIRDR4 ADDR3 *

ADDR2 ADDRI ADDRO

END

If S!SL processing is to be done use:

RAM8 DATA7 DATA6 DATA5 DATA4 DATA3 DATA2 DATA1 DATAO ; *

RESET WRINV CEINV ALE RDINV IOMINV ADDR7 ADDR6 ADDR5 ADDR4 *

ADDR3 ADDR2 ADDRI ADDRO

and leave off the SALOGS $MODELS portion.

This model also uses the functional specification modeling technique. For

further detail on SALOGS and its use of models, refer to the Apiendix and

the SALOGS USERS GUIDE. See Appendix H for a listing of the commands needed

to bring the various SISL and SALOGS software on line. The package is

supported to run on the DEC SYSTEM 10 using the TOPS-1 0/603A96. 04

operating system.

I,..
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Cli 7. A RIIN\'l I 4 OF I!,,) IVI L) I V , I'iT)NAL , IJ)ILN(; L. M ;L, I

YP !Ir i-;2. r~( Pr- er -1.,, '1 S .I pr it i-iml 1( 1)2, 15:r e )

rclL'V_z : i of tie lfl' g,, (!g:; . -h havo ;l] c iady 1)210 created fo: CAD. A st,'T

of laIIua.;es wa I rt rLakcn Vo hlp d.c id, Ol the dt:;al requ Ired, how a

languag;e structuroe IOUo ld I), defined, and to discover a standard upon

which a user iint erface could bc ba;d. The cone I culoco of the or or is

very important as is the following of couiinonly accelpted standards of

circuit modeling. The chosen language mir; be expaudahle so thi't is can

remain current with modern technolocv.

There are many levels at which one may represent a digital system.

Vertically, the following levels in order of detail may be chosen:

- electron or physics level

- discrete device

- circuit

- gate

- chip

- functional

S
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S[;I, riolelt the :;tructrre ol :'-':;tt:j; itt the furtl ional leveL arnd SAIO(S

Slvkin Wtes sy,'tciii at tlie g it, I ( -vel. Lo'eLh( r, tlicy let tlt: d';I[g er

I L i e l, lii lk: I ,IiL i J )It I L . C 1 :; 4 I .I t te ;.:; t L Ire

1lortzolital ly, one may splil I Lhe sy e;Lm Ii0 many or few rirodUtl e or subystven:.

The behavior of the total sys tern may h,-! studtd in riore or

less detail by observing the simulation states which appear on the lines

intercontect trig the subsys tens.

Many languages have been created by others working in the field.

These permit the description of exercising of digital hardware at one

or more of the horizontal arid/or vertical levels.

ISP (Instruction Set Processor) [S3,39]

ISP was developed to describe a computers' programming and register transfer

levels. Thus, it can be used to study the behavior of a digital processor. It

describes computers by using various fixed formats. Permitted are

declarations and actions affecting memory, processor state, primary memory,

console state, I/0 state, data types, data operations, and instruction

formats. Overall, it allows one to model computers at a very high level but

does not describe the inner workings of the hardware beyond register transfer

operations.

I
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AlIPL (A Iird 1rL Ir,,ri.i: i . i.i,, i,,) [16, 28]

to dc;(ribe dil it 0. hardware, its utility col1L,; froi.l t ho part tie ning of

a system Into a control section and a data regis t' r/logic sec iol. The

control circuit co,,u;es rc! istcr transfers to take place in the data

section by putting signals on its control lines. Branching information

from the data section influonces the sequence of the control signals.

This is a very low level, register transfer langeage. It does not

precisely describe the strucrurv of a digitil system but simulates

its output based on input. Its simulation is based on the moving of data

from place to place and may be said to work at the information level.

PMS (Processors, Memory, and Switches) [S4,42]

PMS will allow the description of computer systems in terms of tie

physical interconnection of a small number of elementary components. One

of its main aims is to create a standard whereby designers may discuss

their simulations. It can be used to focus on certain structures or

register transfer and switching circuits.

The basic component types are memory, links, controls, switches,

transducers, data operations, and processors. These seven components

can be connected to create a eighth type called a stored program computer.

Many of the basic component types here are required in the description

of digital systems in general. It would be possible to describe the

behavior of a specific chip using this language. A problem is that a

simulatton project would he miade much easier if specific elements

were available which described the behavior of given devices which

can be purchased oft the shelf.
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FS I' ( Fu t L tLona l S I ul ,, r aiid lxrra I[a t1 r) [7, 460

YST' I :,['., . .; ,,: rr . t11 . ., it v to ' f ., Itv , ',,jt, .C of

Op," .,I : i i. thout ho. Lvi I, i . 1,p ic litly !,p, I fy t It coI : ol _1,1:c. ModeIs

are dluci'r loed in -11t '1,1t COI L :ciL rt block:,. A:v cont rtl ]o;ic is

implicit in the de!crtption of a block and is prodic ,d by FST itself.

Thin language pro ;eiats idea:; whicli ar,- wory near to what is desired

in the new language. It handles structure and operations separately

and ca-n be used at a variety of modeling levels. (A block could be an AND

gate or a CPU for instance.)

LALSD (Language for Automated Logic and System Design) [S7,47]

LALSD uses a multi-level modeling approach which allows simulation

at any level of detail. Designs are seen to have two parts: structure and

control. It is very much like AJIPL in that the control section, describing

system behavior, sends signals to the structure part to initiate operations.

This language also allows the partitioning of a system into sub-blocks

which can be easily integrated. It has facilities for linking subroutines

to its base software. Control signals were separated from the structure

for the following reasons:

- If a person is only interested in the behavior of a system, it
is not necessary to study the structure.

- The control part can be implemented in hardware, firmware, or

software. Thus, there is a flexibility which aids economical realization.

- Such a model is very convenient for high-level modeling such as
looking at determinancy and deadlocks. Exhaustive simulation

is avoided.iThe general ideas behind the language are very much in keeping with the

goals attempted by this investigation. It will allow working at arbitrary

Jlevels an d intermi x ing theim in one s imula tion.
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blocks . lheso btock!:; inay be ol a y modelini-g level . It wil I I , pecify

the Luterfac eon b _ Lwk ll two or . ror s uib.y,; Lnu , .Conll t .11 d in It". . ;yllt;IK I-;

the ability to d-escrilbe node na:ine a, block ;! nc.!;, btrconnacticr1: hetweeri

blocks, numbers of 1/0 lines, and other sptcificatIon.; used to fully

define the construction of a digital system. In short, one could

take a schematic and translate its stucture to SDL.

Because of its syntax rules,, which allow the easy specification of

a system structure, this language could fulfill the requirement for

specifying the interconnection of elements which are at first undefined in

their behavior. SDL does not intermix behavior modeling with structural

modeling.

IN SUMMARY

From the above discussion, the reader will note that several of

the above languages meet many of the goals as outlined in the introduction.

It remains to combine the best features of each to solve the particular

problems at hand. This combination is found in SISL and its interface to

SALOGS.
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Cii1 8. C ( .l14'(.: A ?PMI1]1,N(; I.A,;rlA(;II

SI.Si,. A view of it., inner dot i311s will ht g JJ.In nlo. g with the h,:;ic

ph ilosop:y btchi ;d tih l ngu:. This wil (le ixOn:;tr;tt i,; co:.ipl etune ;s

as Well as It, ;~'fullnc';a to CAY) activitioe3.

There are sever;il requitr'mell: i which have been noted by thos- who writo

description languages. These are necessary for the clear and complete

specification of a digital system. (D5, 1]

1. ability to name aud d.escrihe blocks which

corresponid one-to-nne with thot;e of the systm

beag designed

2. separation of process and control

3. support for several modeling levels

4. separation of the various phases of simulation and testing

5. allowance of concurrent activities at the several modeling levels

6. specification of s'nchronous and asynchronous activities

7. description of data routing between elements

To thege may be added:

8. support of the user in his attempts to deaxribe a system

9. easy interfacing to other design packages

10. following; of standards which are generally accepted in the

design community

II
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111o -ho alc ,t tr a ],tsii ' ton suyport the internixing of fulict[Onl

:.11d ;',It, ' .1 [,Ivc'IS Wd:; him o, Oil LhiL ,bovc olf-t U.ria SDI. ,,;is chosI

pr,)c,..;:; coatru}.. (S-t. Aippendix I) "or a description of SALOGS.) The review

of Llit otler IagimgS 11-'as ild Lo Crkelte S1SL, Which comb tcs 'iyllvax

featiurkem; of SIDI, and S.XLCOGS. It extends the modoling

capabilitLes of SALOCS by razi og it mu.h easier to use beyond

the gate level.

The syntax of register transfer level, programming level, and infornatLin,

level modeling did not appear to be conducive to the intermixing of

widely separate design levels. However, the general ideas presented by

the other languages were valuable in the effort to derive the

new language, SISL.

The details availsable on SDL were sufficient for an in-depth study of

that language. Also, its syntax is very close conceptually to such

languages as PCAP (Pritnceton Circuit Analysis Program) [S8,11 which

is a discrete component level circuit simulation package. Many

practicing engineers began by using similar design aids. An intuitive

feel for SDL's use can be easily developed since it is "natural" to a

hunan user. SDL's syntax works very hard for the designer.

Thus, a subset of SDL was chosen to begin the construction of SISL's

syntax. It was modified slightly to conform more closely to that of SALOGS

and to cover some areas that might help the user make fewer errors

when describing a system. (More on this later.)
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SISI D;TA'ILS

It I.tt onL descr t o'. the structfir, of aM'WL rary (funct. tiunL.) h'v:oI digital

sy. tUm:-; aud their ittrface to the gaL, level port[of, of tho:f, .s:. L,.s.

SISI. simply adds to SALO(;S the ;bility to ensily de:;cr[be structrs of

a functional level. i addit ion to its gate level without ha Aug to do

FORTRAN coding or to become involved with the details of SALOGS'

$MODELS sectlon. (See the SALOGS USERS GUIDE.)

The SALOGS/SISL system separates process and control. The process is

the behavioral model of the functional element written in FORTRAN. Control

resides in the structure of the digital system. A behavioral model may be

changed at will (as long as the number of I/0 lines remains the same) without

the need to modify the system structure.

t.

I

(*) For further detail refer to the SI1, USERS GUIDE.

40

_ ' --. . .. .-- ,.. . .. - : -. _



FA o i i i iti'!ik tY i , r a fi it k- ; f aar Ii' ,

1 viirti

p k - W1 I 1 t i ran I I I I It I t I

.,L uc t ' i r " I, LL L i i~t " I. L ,. 1 1 Id,: 'rc :i1', oll . . , ) l ,, r i i t, t

per1form t ' k'xer(- i f- ',, C IW0 ATi~t ; andt r, t t I t, t t ) |' ' fr f I |l|tt

it ia leis

SISL SYNTAX

Appendix B Show& t"te syntax of SISL. There are two difhrences

between it and that of SALOGS.

- A ";" separates the list of output nodes and input nodes. This is
to force the user to carefully con.-ider line assignment,. When
one may specify up to 40 nodes per element, thi, become s necessary.
Also, it provides an aid to the uner proofing of the structural
desc rip t ion.

- A "*" as the first character rather than only in column #I

flags a commont line. This is a user convenience and allows
creation of banners without the need for an extraneously filled
column.

The syntax rules are not as extensive as that for SDL, the model for

SISL, since only the interconnection of pre-defined elements is considered.

However, SISL is complete and will allow the de:;cription of svy;tem

structures where the element; contain up to 40 1/0 lines each. Thi,.

limit had to be set due' to SAI,OGS" internal rentriction!;. SII, i, i

designed to interface easily with SALOGS.
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/I' (** . iJi. '

5 ! ' ? ; Y ; 1 1,. , . r ,",I ' i ' . v d .I! ,, , , , . ' I i : F f ,

o (If IL o I ,'.,. :

I .t i ', A . )L tfi A. " , t II ' t 1.v; ar , n ,t UIcil -t

I I t c III t III( t :,). l,I , if i, m i o .111. 'Aih . | I I I ,l ; ;I r n t i , [ { i J- cII Lt

t 1 t'l~ike

User pro)of i ag p. .i iap; th mit imrportnt feoaturie of a pa(-kage

wl'i h is I wn I'i, for rl]. ::,, to tho;S W130' h iVt- e L, Ieneed tr- und(eIrsLaiii t1ue

imior wo r-L ni ; I f tVe I fIw,,ftwo c. B: t I-al , a )hilosophy of error

choki ll tiI ivi'lud tie detect i on of prolt) IIIris a- t i e:arl I Lt

pos' ible po li in the! prog ram. Yrcors should not be allowed to propagate

beyond their point of earliest detectability. Too,

The uier mu-t bo able to dte rma in ,'hither fallur- of an
att empted opcr.i ton was dut to imprp)tc r conitrol signals
or system nrilfurncti,-In [P3, 13 .

If "...improper control signals..." is replaced by "...improper user

input data...", an Ide;i I., obtained as to how to approach the delivery of

error me s:g s.

While S11h will not catch all conceivable user errors, it will

not. errors hit- to ,jyntax v'iolattelv; and iicnmIst itenctee. These

iiicl ide ;a iiol, being, u,-d for ialeit bti riot for outpiut ;inI l a

,:orroct ln~hr , l/) lode. for in el oont.

II
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St t f i , .

lot to ,, t , -a ; -r0 t '. t t , 1, fin tl l ic , . 1 . (i ' . <,:ldi A f -

t',i 4 Ic. •. )

No nod Hl ' 1 i P ; : re i: l th,,,U' il SI. wil I clihik the

correspond i.',- of tl':' ; of f 1/0 1l ;-i a;l'i to' V1,iali ' COIlIn'!tj l-;.

It wil also eiisure Li ii eaich no>L it; used at o.,i;t Once for inpilt and

for output. tirlng ter-s of tof seve'il syntax diagral~s , SiSl' will

check the integrity of e ich. Any error will result in a Tmessage and an

immediate controlled termination. The syntax diagrammin-, which guides the

parsing of ucer input, is based on that for the computer language,

PASCAL [J2,1J. The procedure is tle author's original design Each line of

input data is dealt with as a single entity. It is not necessary for SISL

to knoc, what went before or Oat coiws later. A lines'

Syntax is translated and then spooled to a scratch file which

eventually becomes the $MODEILS heading for the SALOCS gate level porLton

of the overall syst.,m d';cription.

Node ari. ; are rt:iied as is so that thr,) ghout a co;nplete

simulation, the designer will not be troubled with several words

which stand for the same thing. The intent has been to ease the

burden placed on the user during the design process.
4t',

im
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t Ill'' *oi, i I 0 1 .k.C d , -I iv.;1I I ,If 1, I'lh i. , i 1"t by tilit crn tLoll

o0 f :;I,, a I tlls , u .o,., - 'o ;,r Lo to ' I l e 1 ..' V c,. CAD 1,,l

a(I. .i lih.Lr' of three' 1,.; fIImei l 5. T e, ;t of it. art h s L . ;l .ad" it .

b.'~i~0 thl a il I I iov be .11110 to suport projecot-s provtj)i,1

du(. Lo thCI>c-K -mcidolv il,, lmt ttion;. An e:y mix Of [nTOL ionll -Ind

gate level 1 model iig h1it ..n n achteved . A de:sig or nay directly in tore ix

the two level 1f node Il,; while sia.ng na in mmory and time. The ass 011pt on

here is than t a behlvio',il ;:LdOI of a system elmeiit ill perform faster

and in less main memory than its gate level counterpart. It will

deliver less detail, but the extra detail is not desired by most designers

modeling at levels beyond the gate level.

The group of possible users include all of the institutions presently

making use of SALOGS. These include several universities and industrial

concerns as well as the two sponsors.

SISL is pre.w;ently runnlng on the AVIONICS LABS DEC SYSTiEM 10 and

the SANDIA LAf;S DEC SYSTEL' 20. It has proven itself a great aid in the

modeling of dt,;ltil systens. Cottnuiie; support will he ca-iri ed out by the

author (see VITA for addt-e!;:;) throuLh S AN!) IA LABS.

44



Auy i i l,1: , i t I I h I, ' I I, t the , it, 'tm

of. 1'', 1 1 .
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An e ta a e 1 !Ir !rv %: 1 1 '1 woui ,, ci a .

dtint, to i!)C.Itlh) ili 'inci;! m;I y , a'k I m I ! i lati ,Iil

also be addr,;--,d. As di,.;t-l. .' yc in ,,a' , .a',t r .adud f . , the Limiln'

issue incrca c in impol rL;a.ncc.

Presently, only the fo]..oviinj; are In the h chu,,i )-lid [ r 'iLv:

a four input OR gate, 4-16 decoder, 2K X 8 IMul, and a

256 X 8 RAM. Ali ALU would be encouraged by the sponsors as

would a CPU. An extensive timing buss; would also be valuable.

Anyone wishing to use or extend the features of SISL or its behavioral

library should feel free to contact the author or the sponsors.

I
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S I l, :k i. I L or'i t t :I A A ' ' l o dc I' 'I' I.
f ii C t 0 I Ir av I pr ..... ...

funet iZ l (e el prI .'I ," , nI')CS (> i I,)Ct, .iI.a r) wI s Eh:

/H; ,'i ga t, i l~. dt;!it J ';imoP~t)'. .',)C, ; ,i.,, ]la- d i .,>i_

systvitis wt; I g AN1), OR, and I ' [ pr imi t 1 r'se r 1i t i\-:s or gates

perform dur ! .. ,  the siv I at n a l . L the !;.:,I a: do their MOS technology

(.Onto rpart:-. EighL signa star:;; are used tr, partit ion volt:ig, levels.

These eight sta tes includc tue lotaic a tt . Refer to Appendix D of

of this gulde for more on the application of and the terms applied in

in relation to SALOGS.

The purpose of SISL is to alloy the description of a digital system in

terms of high level devices such as adders, shift registers, etc. rather

than in gates such as AND, OR, etc. This level of description will be

refered to in this manual as macro descriptions. The term gate level

simulation is used here to refer to digital simulation using MOS

technology behavior models of AND, OR and INVERT eight state primitives.

The several algorithris attendant to SISL performi their preprocessing

by implementing a digital systemn description language very close to that

uf SI.OGS Itsolf. Thus, wh designer will- find the use of this new

level of modeling qutte easy to transition to if he has gained a

familiarity with the SAI.OGS des.lgn aid.

Not only can the designer work at a very high level of system description

but he can link a gate Iovel SALGS model to a SISL macro model and run

the entire network as one system. This qttide assumes the users'

knowledge of SALOGS. Appendix 1) of this quide contains a copy of the most

recent u ; ro guide to th.,it package.
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Iv) K!IE1

s]l!l i!; fl. ~ , i l ;1,; : in f- <*' jr ri~ir tn t

':iti l,_v(,.L S., tA);.y ,I.t'l i , ,t t . , . ft wilI ! c, it fliict lo ,il L,.'cv .

dr 'oripIor it or if l ji. l .1 ;,!1 rid .ttir i t o AL, O(, p. i :toc r; r;y1 ,7 rv-d t,'

Cr,;!te a s I-Is, e entity f ro in t"Ie f, I tionaIl and gaitae Ie'VQl portion; of

a d ig i. tal sys t ems " mode 1.

Fig UG-I Shows the run t ine dati and control flow for SALWGS.

Obviously, this design nof t,,a run !- ;is a s~-in of batc-h programs

interfaced through a numnber of disk files. Fig UG-2 shows how SISL

is an added program (preprocesor) to thme SALOGS series. The user

creates two model files. One tiolds the SISL macro model portion of a

digital system and the other holds the gate level portion. These two

files are manipulated by SISL to produce a total network description to

be processed by SALOGS. SISL does not produce gate level models for the

large scale devices. Rather, it creates linkages to FORTRAN IV behavior

models. These behavior models (called functional models in the

SALOGS literature) determine how the device operates and the technology

involved. They are not required by SISL itself.
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SETUP. DAI 1.

E ILI I~ iE11T, K *FOR P CK[ I IN A [11 'i i l, c ~ 17' ~pl c& Ipil

L SEIFRT.DAT = E RRO MSSAGES

FANPRM AT =FAINOUT I NTERCO; :UCT1 ON

FANOUT. R7T SALRTSfl SALSGt1,

SCLPI\'T.DAT = ERROR MESSAGES

SCLOUI . DAThEOMP"I) EOXERCISING PROGRAM

SMfUL S I JF0 1, MIMIW;. F0), ACKHJ*,",'C
DIG [At, SYSTEH IS OPI:AD UPON BY' TilS
P ROdLAM1.

4 FAUL. LST UORMATION G'. U4ER-ATED F0:1, FAULT ANALYSIS

V ~ ~~FAULT FAULT. FOR,") r5L Q/ 2.CCU.FRAKN('r
* PllocLA.M WHICH ' C4T&:E FAULT A: -,YS IS

- FLIP'RT1RK- .:v oi. r.',i :X'ThySis
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Si , I" I 11w.; ,Ir, d. t .1 f I O .

S1: L.D Thv - ~f d, c.;pL Lion ol til. functionil levil di,;itl syl te.

SI+I.NA, A IIt of device: name,; and their 1ndi,'fdu;il numbur of
I/0 lin-; and internl subrouti iie nalci .

SI.SL.OU'f- All rueaius generated by SISI. during its last, run.

USER INITIATION

I I
I I
I I
I I

SETUP.DAT ---------- > I
I I ----- > SISL.OUT

SISL.NA ----------- > I SISL I
I ------ > SETUP.DAT

SISL.DAT ----------- > I

I I
I I
I I
I I

SETUP. PAT ---------- > SALOCS

I I

FIG UG-2

SS1SI. RUN TIME SYSTI'>
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-iO o i y' I. toIA 1 L:1

t, ,-." , i 1 y W.". V.ti Clotii pit for ii; Y LS i or Struct r.ll

D ,' iL i, .IA .,:, [V2, 11. Vor all. the Coeelil, c r 1,,xi ty,

the source , ' !or , SL ,; 1 only 11,)0 Ii ne-; of O 'i.AN IV. .'pcvdix C

of tis guide (:)tLILns tim li-t, lng of tiie skofLware. Appendix 1) of this gui

gives the set of syntax di og r ,i,-, ii ch Coupiete y d e f inle th i.s I ,-lguage.

One neod only st idy these coii truct-s tL uiderstand the syLtaX.

AN EXVIPLE

To demonstratc the use of SISL, a complete run will now be presented.

Fig UG-3 is an ex:unple of the block diagram of a digital system. In the

next section exaimples will he given of each file required to program it.

There are several steps required to build a functional/gate level

model. These steps are:

1. obtain the gate diagram for the gate model
2. code this motel il the SALOGS gate level language
3. test for com,, Lte and execution errors of this model
4. decide on te funct Lon:a level additions to the gate level model
5. write the SISI, functional level portion of the overall model
6. test this portion for compile errors
7. run a toot on tho to tol function.ol/,ate model
8. repeat 1tepa 1-7 until results are satisfactory

The gate lovel portion of this sys t em consists only of an A'M) gate.

Since the designer is assum,'d to already have some expertise with

SAI.OS, we will only discuss, the SISI requirements of the system.

'd
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d .: .: ;

i -. r, I : ' , 1 i s r , t, I I','') , ' ; o;

,, 1 '. 5h

ofp r) iL. 'F ;',0t L, tii., f7 1W 1 d&';om r it t lie r ; f tIe

block (1 -L:ifl il 5 :.!r l w i " U";--3.

SETJP.DA'T Thc SA,( GS . t i level porL ion of t n inttd t i

sY;t c;; SISI, ;idd5 to thi; f L1e t1e l Kank '.ges to j Iv

required beha\vIor odels. R-f,r to SA 1OS US E' S

GUID) for thw details of gate level modeling. S T;L

assul w es that th I :; file oriiginal ly c Q;ta Il no $iDllLS

SC ct i o1l.

Original vero ton (cro;ited by user)

INPUT A B C
OUTPUT K

AND K H I J
CIRCUIT H I J A B C
END

Final version (created by SISL)

COUNTUD 0 3 3 6 2 0
V 1 ." I1) A B C
ENI) COU;t'kLi)
II'r)G 0 3 3 6 1 0

:. ItI ,l. F KL i

ENO ITOG

CIRCUIT 2 3 3 6 0 0
1 1 1 J A B C
Ct)!"I' TI) I).;1) A B C

( "BiLO l l I F 17 1)

WW6 11 1 .1 V

INI'i" A ;i C
oUITUl'T K
A',*) K HI 1

Ct RCU [T 11 I I 1 B
KND)

~} 5)



fL 1

(J iJ; I S Ti i C I'; i !;. of 'rii il, tn w C' itpj froil tht,

dt-V i.Ci ' il 1I NI I i f th1e 7i t 0of input;) ; 1 kte lv i .

The f i.r:,L ilk u-coi.oa,!t I luc of CiliS f fi 12 is:

CONS' ECT(SPAS,11 ) UTI TST(8rPxt ) ;( P \SE) INLI Sr where

OUTLIST is the list of mnacro 1;iel out puts

to the ,,ate. mocdel and INIST is the list of inputs

com:ing froli the gate Model.

*THlE S ECONI) TEST OFTl Sl'I /S;AIIJS TRANSLATOR

C~NST 1 1.1J A -7 C

CO AT'i)I)V1) A . B C
BIC:.; 11 I 1 J V 'K

Cc;;t taunt io0l areintL h' n .1 spacee fol Iowed bv a at the end

o of the; cont tuied lint-- A lino inay he~ coint med froml ally' poinlt where a1

1;n oel.Soet1 nwo; irtl not od by ha;, i ia, a-- thle f irstL

cl~r.ict or of t1 I I il. Ail kl-'.;I1711 L' Of a cit tiiunLt ion f ol u

6



sA 11 ; id ail the il li 'w d hi:,l I 0.0 (1 ,')ri; id rort a iT

Im v )lit'

Onle

LtN 2-- il;e c ou t pu t nodo' r je i. rud (colI -)

111u1be Cc top uIt no0des rV?(1, I- trd (COI 6- 10)

SALOPS f LIc'tionalI viiodot ancholr (cOI 11-15)

All numbers are integer aad right justified.

BTOG
3 3 1

C OUNT U
3 3 2

5151, OUT1PUT FILES

SEFTU P. DAT The combiqationn of SALOCS gate, fl-let tonal, and logical

models coventod by S ISI- This; f ile contains the to tal

syni temn to b-, S inn lo '1rd al i-S panI -id oil to SA!"flGS

0151, OtTAll me:;genera ted by SISL, duri-ne iti; last run. Each

message is of the foriiat:

SutiWur Uk ;L ATLNG M1:SSA(;lE-, )'URIAT NUMBELR, and MES:;AGE

Fig lJG-4 givc!s an example of tis f tle.
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,, +' . .. .. . . . ..... I NP ), ! J ! L:;/; L~ '' " ,] + ;l" '. t 
'  

114 ; 1 ,I
l;i ::3 3 6, 1 5

3 11

L I?>' L I 

I ':;---

. oI I < 3
1I &' ': :'1' "'+ KS }

)j 
" ';Lo1) l '"i S M.1 11C(S- 3

• ** OUTLIST *

H
I
J

• II,IST
A
B
C

GETMOD 2-- AM BVU iDI'NG THE SALDtX2;S FUNCT!).LL IODELS

LIN E:I 1 5-- CFtLJLM) F 1 T) ; A B C
LI NEIN 15-- BTOG II I J ; F E D

LINEI' 15-- END

GETIOI) 1tVII--
NODE : 1. . 0 'f LAG I 4.' LAG HA:; t !I
A 1 1 20
B 1 1 21
C 1 1 22
1) 1 1 23
E 1 1 24
F 1 1 25

- H 1 1 27
1 1 1 28
" 1 1 29

I,'.Uqt:;T,~ ~ ~~A7 B-- . !, P! ,l ''(; TV 11 'd, , 0f IO C. A!, ,(11 ,

IN:, 0 ) 3---3 - A I R: 1, :, 1) ; 1 ;I'tII'. DAT FO :; .At1 ;.;

I 'IoI, 1 u 0 1!'r Ti. 'I A , FINFl, 1 .1G lici i L t I t ;h nt the iultlte his been used as

FlU TUC-4 AN EXAIPLE OF SISL.OUr
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Fi

f , I a '. c.0' . ,:li d.1,'1 ,'' d1 , £, ,r w ork inr g'..

f Ut tI'Iimiu;

C(10)", Lf 1; a:, F~ S

Any fi Le oj'd for output by S I L Should nlwoyvi be

backed up by thE u:;,i- prior to ench run 1F t. curlitt'll: ver'O!II of

that fi, is; de ,ired for retetl i-i. Thi.s is- par ticularly true of

SETUP.l)AT since it is used fI rst by SISL as the gate level portion of

the digit;il network and then to contain the total system description.

I
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S L.SI ,1 1 t',C

EACII ),YL)C Wi:i;PILdI 'iS0 : F&ltLOW; CIIART'f

THEt 1'LOH, CHAITS PTAYT;IELA C I'I USJ fLU F'REACH ROUTI1NE:

In all the sof Tvare , ibrluse( is madie of cerLa to fuinct i.oiiuvhc

MZ1y not performT. the same- way on al compnt ers:

OPEN;, CLOt; L: are used for dliisk, file hiandl1ing

.. W). , .OR. irc' u',scd on atervar ibles I-or data ipackinc, i and
ai1d T hese dopcind on a T;hitt lcft hcinag
c'Itr;iI 2. A and ai :hIlft rightII being cannecd by
1=1/2 wher I is aninusrvrab.

Jt mP lace the non-11 'ia octa valu Kit he

i1~ Lr 1~ [c onil
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(C

C

C I A."

C 1"*.\.V,.I22*,2+2

C 11 M:12. P-.: I +

C 'IAX:N 'I. 1 A:N A 1i

C I VXiI 3 'U\I ' 1; 1, lli!, MAM Wl (18. , OCLKS
C LSVO-IR A USIT 01 'C' 1T; LN 13
C t2A!il2' I A OF fS. 7 "LA-I, "":I ,'0 T IN,2 (u2'<V RON.)

c \CUjj,'l' OF ~"'/ '' ~D> 110 ByY EACI.
C. NIP-!C, 11 TH ] :'' ( i IN S(3
C2 !JA ,IN AN'1 .ll0 ' INI'l LINE
C fN DF~l08 1 1, 0.1 N08 E1'1L08O REACI l~i (INPUIT)
C 1D ZI)i:L, 11Tv. S14 OF1i'

C; II)r ['L ujIN: i1A81 T.':Ll YM U'R .0

C M AX 10 ) 'PAE 1,1ED 188TH OF AN II)ENTiF LEE

C W4PC11I) 2 I)

C NO I D 0, ID) I'O1I ; 1, NO ID FOUND83

C M!AXCN TOL7i MAXI'O 1''1L OF s'[CICA:N BE sIIARE 9:

c BETWEENi T''C I'L!X"CTI-" G))TH, U'1Vi"' PORTIONS
C OF TH!P 'TO'"'F,1 KYOT '.3 [0'''' '' 10.
C LINE TOOCCI''i'''U;;i 1,Pi
C LI NE]I A GEIP1VOY To Y0 W,! OTOO.NTO
C LINKED TEE I;N OF1 Cl'.i 22 Cr- 1',"' ';Wo'uNl hI NPL LI. NE,
C I D PTVTl: I,, PH! oil 111 1>'~ IOK''I'li'ILR,' IN~ THE

C CURRENT o:';11i.3E
C LSTCON THIll LTK ST 01' ll;:- v U AX) I orUT NOOF CONNECT IONS

C THlE 815 IKEVIIA '-:iW1]. SINES IVIT: THE

C SALOCS CAi3 0: .
C N ITPI IJT 'D13I i' ;i 'A T :A O1'2 To 3'TIF ON A SI:1 hLE7 INE"I

C N[1(:O ~' CO :t:oK0 o:~ 0' L

C N CMi I~ l N v' I NO0 -I
C NU. 10)C r T 11 N[Il1 ' 'KE 22 .,' .11 :

C BY SISL. OAT
* C

C

PS I1[';z
C

(OI I8:'A'I F/ ', Il 0, 112. ,2\0 1 1\N I I NIAXNM 2, MA\N 3,
N A\24>Xl, . tlil( 70),iCI

co: I,' I SL/ 1,1 ';(0) , 1 Nii 1(80)M 1 1, A NN' , IA N'rRA, IMAX! 1,1N,
1 1] "N L!:1) , I10) PN10 I 11) , NO I ), I2 1 FLI.

c01IO ,' wO:/ s I (10 0, 1) N111Ii ON , N I1 o01'1*, N Iw N o, MAXELLN,
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C

C

2 11;, lifY, lil', 1111, 1112, 1112 IVY1U , I , i 1 , 1 t! 9, 110,

5 hl! ,7*lil

DATA T B LANKT!, I ASTSA, TCO IW, -AXI, f NT, EDi IL MAXi1),D,,X C 0N

I taUNCGiK /0,9,9, 10, 11 ,1P,60, 70/

C OPEN ALL, FILIES
C

CALL OPEN
C
C READ INI THiE LIST OF ALLWL) LOCK AAME;!N THEIR
C REQO I ' RLD NUMIM:1. 01 OUTPUT/ I NPUT NODES AND)Tl FNUIM

CALL REAI)UM
C
C READ Till, CONNUC(T C\i)*Tills SHOULD BE TillE PIRST
C SISL GUMAN]. CARD.

CALL CONECT
C
C TRAkNSLATP THE BEII1AVI OCAl, SYSVIBY, DESCRIUPT ION INTO

C SALOGS FUNCTINAL, AND LOGICAL MODEL SYNTAX
C

CALL (,ETMO)

C PUT' THE TIANSLATF.D TIFOJMIATIM~ li. M SISL.DAT ON TOP

C OF Sli'UP.DAT

C' A1PPE ND TO ''TEN IMP TilE' SALOCS I''C1' ONAL XIOmm~

C INTI-L) ACES.
.4 c

C APP'END0 TO "Tl]'I"THE~ SALOGS LOGITCAL MOM) EL'CI(CU IT'

* CALL IMODEL,

C PUT ''VIL1'INo I 'SET1P. DA''' AN)xUm T ' 'Ml'

C CLOSE ALI, THlE I'I;AND) TER- I NA'l EEH[I N

C:AJ,(. CLOSE4

79q
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C

C

C

IT: 2( , 1 (1)

Ii( X1'Jl- 1A1.\TL ECNU '!W ' R2 Jil'l)*'

IF GoJ:m '2.0 C o 20

WRITE (2,15) (II(),~ LN;U

15 FULT (.V G CALT 15--'
1 CUKUFNr S IS C. AT CU>I!IAN) LI N l- ',80A] )

20 CAL), CL-OSE

1EN D
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C

C

C

C

IF IC Nf(jP;R.QI~,N OT 7

C
C PTISOUIGT THE NEXT1 11) 1INT AN1IITNENIIT
C

NIDPNRlDl'T0
IF (ID~pTRGTLINEND) GO 5o 00

I0 COINUEIKT).F.TSR) ALLNI

C
C PUCK TLANE NET THE IN OF THNEI
C

* DO 10 A.I=1M~II

IF (LIE (IPNTR).E. BLANK) GO TO 00

* - ~IF (IUPTRGT. LILND) GO TO 100

10 CONTINUE

100 I0Z.FR(IPTR T.LNN) h+

IF (LIEl'(IOT) .E ILANK) GO TO 00

.4 ~~IF (I.GAXTDH)T) GO TO 00

2150 CONTINUE

200 IDPLAC-IDPLTR+1I).,t'rY

04 21 ) COTINUE

C
500 NOID-1

RETURN

Of

91
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C
C IRI10, M M:;SGPI'S
C

550 wiTri." (,

5'1 Fi r.'. (" , :)"YI ) '1 PO-MA .... V ' :1 1,1 ' I'YIN(' UTo C 1'"

1 " rCONPIN'UATION CAR)')
CALI 1tAVlT

60o WRIi:' (2j (01)
WRITt (5,601)

601 FORIAT (' NEXID) 601-- ID' TOO LONG')
CALI, Hq lT

700 WRI'rt (2,701) (LrH:'II),II1,xI]))
WRITE (5,70t) (LiNl:l(l),T.IMAXID)

701 FOICAT ( NEXII 701-- ID CONTAINS INVALID CHlARACTERS'*
1 "(A-Z,0-9 ONLY) -,lO)
CALL HALT

1500 WRITE (2,1501) IDPN'TR
WRITE (5, 1501) ID,?,TR

1501 FOR IAT C NEXTID 1501-- A BLANK IS THE FIRST CHtARACTER',
' " OF AN ID1NTI'FICK',/,' IDPNTR= ,I10)

CALL HALT
END

q9 ,9.
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I C VL A fl I' T r T ES '0! itT C'~ I'.!1, 01ST I CI H TIT 1c

I C .1.- iJ'r TO*, ~ rI ,%,lj l o H , 7) :C

II,

I C T'I-, TK, I : . v ~ V (I 1  I ' 1CAV, '0)I.l ..HICII
IC i6 1 t0F A~t IV I., ~CTU YS :' y

I C 1 i~ \NcPr.-T TT o..iOGS T,OrC1C , !OfET. m' E~F WITH YTSc

IC I
1I1 Vil P 1' I L Iil'PT'Ll/T',PlJ1 1i3:T

I C I

I C ATPjr~) Ti~:OS SYST$ ," kll'CK ?VA'ILS 'ITHr THEIR~ PRAMiFTFKs
I c
IC I
I C "'' )5rfl ~TC OL W:"r Fl,,Ir I
I C
I C F.; O~ ~i A''S r WFlI' r FML,,~1 .?OlLS FNI) Fl. *I
IC I

V

v

- - - -- --- -----------
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C

C

C
C HS REOTINE LMIT ' TH )11LLGCLi'1111 "IGL!

C

C

C5HI FR1VU'I INE OT 5- l BDN THE SALOGS LOGICAL MODEL')

C0 PRINT T "CIRCUT-, XI1, LINE)

WRIPT80 (2,5) D+

T.F (NUMPUT.LT.1) GO TO 500
14=0
N-1-NUMPUT

C
C PRINT THE OUTPUT/INPUT LIST
C
15 M=1II+N1,UMPUT

N=N 'N UNPUT
IF (M.GT.NU1MCON) 1!=NUU1CON
IF (N.GT..M) GO TO 50
IPLACE=O
DO 20 J=N,bM

* DO 18 K=1,MAXI)
IPLACE"'=I iLACF+1
LINEL (IPLAC1E)=LSTCON(J,K)

18 CONTINUE
IPLACE=IPLACF+1
LINEI (1PLACV)=IBLkNK

20 CONTINUE
IF (NUM'20;N. CT.7 N) I PLACE,=I1LACE+1
IF (NIMCON.GT.m\ IlNE 1PLACE)=IASTRA
WRITE~ (1,25) (TLiN11(E),I=.1,ILACE)

25 FORIIAT (80A1)
IF (NLrICONX.TI) Go To 15

50 IF (M',O1CNT.LT.l) Go TO 70

94
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C

C l,[,:;T Ti'ii. 1l1[/:1 VI(WI\1, MOI)IE, I NES
C Tili',:;1,1 11ES11 IN T;-l 17,2P2

C

1 I[ ,;uot)?+,,-+'n;J., , , , I.+ >,-:-'TI.:;Ii2 "
-)

R IF., i; 1) 3
55 R''\fl (3,2L, Lt.-7U) LI'EI

WITI.E (1,25) 1. ,EEl

GO TO 55
70 WR I';; (1,71)
71 FORMAT ('ENI) CIR,,UIT , / , SEND) IODELS )

RETURN

C
C ERROR MESSAGES

C
500 WRITE (2,501)

WRITE (5,501)
501 FORAT (" LMODLL 501-- N.M5PIT<t, MITST B3E>1',/,

I THIS IS CAUSED BY NODE NAMES BfTNG TOO BIG',/,
2 " DECREASE THE ALLOWED NODE NAME LENGTH')

CALL HALT

END

o
I~

4-

95
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I c
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I c
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C~

C
C

C
StIHROUM I l ECi*U)

C

C REMAKE SETUIP. DAT TO HAVE AT ITS HEA) TliE' NEW MiETN
C 114FOPI-1AON CREATED BY SIEL. EXE
C

C GET "SETrIP.DAT" AND APPEND IT TO "TEMP1Ill
C

WRITE (2, 3)
WRITE (5, 3)

3 FORM AT U' EN-DMo,0) 3-- AM RENiUILDING SETIJP.DAT FOR SALOCS')
1 READ (15,5,E lo=00) LINEl

WRITE (1,5) LINEl
5 FORMlAT (80A1)

GO TO 1
C
C TRANSFER "TEMPi" TO "lSE'rTU.DATt"
C
100 CLOSEQIJNIT=15)

CLOSE (rNIT=l)
OPEN (UN;IT=5, DEVICE,='DSKC',ACCESS='SEQOUT' ,MODJ>ASI='
1 DISPOSE='SA'VE',FILE='SETUP.DAT')
OPEN(UNIT=1,DEVIC'='DSIRC' ,ACCESS=SEQIN,ODE='ASCII'..
1 IPS=DL T',FL'TM)
REWIND 15
REWIND 1

110 READ (1,5,END=200) LINEL
WRITE (15,5) LINEI
GO TO 110

200 RETURN
END)
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C

( ,, .

C

C WRiA1GSIT ui ( 5, o>1

C

1 E FOROE NEX BLCKO 2-- THE BUAIORAG SYTHEMSL UCINL

C

WRITF (1,3)
3 FO Q 1 1'T ('$110joHLS'
5 NOUThO

N T T AL= 0
OU'rFLIGh1.
CALL LI NEIN

C
C CHECK FOR EOF
C

IF (ENDFIL-.EQ. 1.) GO To 1000
IF (LJIP,(1 ) . 1"(. 11I. AND. LINE (2).EQ. IN.AND.

1 LINC(3) .EQ. liii) GO TO 1000
C
C PULL OUT TIIE BLOC K NAMCE
C

DO 10 rU 17 i, \N'

IF GLC(LIII).o BAK O TO 20
10 CONTINUL

IfL'~ .~:M NU NAK Go To 600

20 NtIMSII-IN4

1P1,AC1LCI I N:;) (Nl!l1l1 S)
IF~( lAi. C Go YO 500

11 (NT I:: ([C) Ad F I),I-MN\ ,M

Il~l'N'1I I -1)1 rr
II LiN1( P~r).EQ 1AC~., )Wn'T (3, 105) LIN],

IF' (LINC(IF 7'i) Q i\~E .WJI-

4,)



C Cfi NUK AML THE' IDS; OF Tlil' GI VEN BL.OCK, kl- :OVI: 'r1o

C

C CAS ': P'. SFiIM Il (
C

IF (LN I ~i).N.(OO)GO TO 100
1P G LN i)NR1).>'.[L~K o TO 700

OU l'FL'G=0.

IF (IIWN TK.' N. 3) NOUT--NToTAL
IF (TDPNT.EQ4.3) GO Tu 30

NOUT=NTOTAl'.+1

C CASE FOR ASTERISK
C
100 IF (LINP(IUPNTR).NE.IASTKA) GO TO 110

WRITE (3,105) LINE
105 FORMIAT (8-3AJ)

WRITE (1,105) (LINE(I),I=IDPNT1,MAXlJN)
ID)PNT1=l

C CASE FOR VALID ID
C
110 NTOTAL-NTOTAL+1

IF (OUTFLG.EQ. 1.) IDTABL(I1)PLAC,MAXI])1)=1
IF (OUTF-LG. EQ.O.) IDTABL (IDPLAC ,MA.XI)2 )=1
GO TO 30

120 IF (NOUT.EQ.O) NINPUTT=ll- OTAL
IF (NOUT. NE. 0) 17JINPUT=N4TOTfAL-NOUT
WRITE (3,10-) LINE
WRITE (1,105) (LINE(I),I=IDPNT,IAXLTN)
WRITE (1, 123) ('NAMES (I PLACE, ) , I=1,7AXNA4)

123 FORIAT (4mu:Ao ,%1i)

* 1 INPU. E. NMES (PLAEI4XNM2 )GO TO 5

102



C

500i. (2,501) !
[ .5 i,'u)Ji ,"T ( - Gi. ',: r ; 12 2--- .:w'.xio. , I, ; ,?, , ( l'[,I"

50 2 ,'A, .50 1 'f ,21 5,' .. INIUTD ,2h)

CALL HALT
500 \QRITUV (2,601) (LINlUI.(f),TANUI;)

WItt ,  (5,501) (LIiE 1(1),I -1,NUli)
601 FOC,,MAT,,>1) 501-- IDCCIK "NAMFNE' T OtLO

1 " NA]W2;; TA1 LE,...- , I.OA1)

CALL HALT
600 tMU'i;: (2,601)

WRT:. ; , (5,601)
601 FO0tIhAT ("- CI-''OD 601-- ID}fl'IFIER 'too LeN;' )

CMI, IHALT
70 WI.,tE (2,701)

WRITE (5,701)

701 FORMAT (' GETMOI)D 701-- A BLANK ALWAYS VOLLCOWS A ; )

CALL HALT

.

*10
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C
t ~~C CIIV,(,':: 10 1'.131, H.'),  I] ]' .s T, ' ,:;.~~, 1 I k. NA T; '' 'I' .,

C RoH 12 11P No 2; YO2A

DO 10011t)LrC

IF -, To1011002 'r ( ,' F1'.-), ( l...2 - . ,/ NOP'i ;, ) I -- ,-I

#, !IX DO 010O l=1,i)3L))'Z
IF (L9Pu'.%L(l, 1) .1Q . [_i ',. hK) GO TO lOit)

t wP,['~~~liI ( 2, 1 0o12) (l i'.\l;1. ( r, .3), ), 1 1 >,Y D2) , T

WRTF,, (5,1.<.0"3) (I , I 'TL( I ,I) , I:I , A ) .

1003 FORMAT (T2, PA I, X, I., )X, 15,6,1\ )
IF (IDTA);L ( I , 'XDI) . (Q. [L)fAiL (I, *,.XI2 ) ) GO TO 1010
WR IT (2, 1Gdi )
WRITE (5,1005)

1005 FOIMAT (" Gi;4O1) 1005-- TIE ABOVE if) OOCSNH' AVE AN'

1 " INPUT AND OUIPUG" COPIECITLON )

ERRFLQ=I.

1010 CONTTINUE
WRITE, (2,1020)

WRITE (5, 1020)

1020 FO!kMAT (IX)
IF (ERK LG.EQ.1.) CALL HALT

RETURN

END

4#
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I,: V *1C~N;U

C I i

C

CALIr~
5 CA!. '1 1. II)

IF (i) l Ti (YO)
IF (1 X.(I)'T{ COLO2) IiiJRIYT

10 OM (t, ).
GO TO

100 :R IT P ( 5,10!)
101 FORM"AT ( N It)l TiW'T IFIEL:k; )

RETUWX
END)
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C
c

C

1 pupsL, isi]TO ov!'.,vri-, Tm, pl-,i)F1i.,i

1 HE NOLE O;INT HISLCSGT U".MO
C

C PFUAPOE IS TO'YOlL2DAS ONI'1 INE TE'T UST IT ISRGRMC

C TERI O CASNAN INPU T SALOGS GATE , EVL , MODEL.
C
C TI OUI SENE WOUTTt'S?1f- M ESAIUPAT GEROM 0) AN VLOUEDCSK
C IFDE AFOE IS NT~I) ASIT. N H ONC IT TI

C

C FOMODE -FO CRNETN OTIT. INI
C

C

C MAIKE SURE A "CO1NNECT" CARD IS THE FIRST SISL COMM1:AIND CARD.
C

CALL LINEIN

3 LINE(7).NE.WlT) GO To 500
IF (LINE(8).NE.IBLAN;K) CO To 600
OLTT PLG= .
NUMOUT=O
N MCON=O
IDPNTR-9

C
C LOOP' TO GET ALL OF THUE IDENPIFIlRS
C
10 CALI NEXTID

IF (NOID).FQ.1) GO TO 400
IF (IDPN1'R.GT.LINEND) GO TO 15

C
C CHEFCK FOR THE OUT1.IST/INIS~T SEPARATOR()
C

IF (i(IrT).N.CLO)GO TO 15
j IF (LN(IP7+)N.ILN)GO Ti) 800

OUTFIG'iZc0.

u., ( [1)12rz.v1~..3) NIU'.1OlT -NUMCON
IF IIwT.C 3.U.~ 21N.0 DTAMI.(111 111A,MAXI2 )= I

IF (I ,T! :;. 3. ANDT.'::c(%N. NE. 0) N: )u 1~V~N 1
IF G 111..3 R UrN Q )(O To 10

109



E,) ( I I AC

20 (Nl:

C
C; CID.:(:K l[,'!< DUI'l fCAT; J OS IN J> C :IN!"EC. 'r
c

CALI, CONOIff
CO TO 10

C 1) ER4 Will'E!2V. (LVLIST i: W \NID 7,111
C 114L I ST£~;I .i .' flo !, I AN 1',:F 0 D UNP
C
400 IF ( U.E.0 NN ::o

WRITI;-1 (2,410)NVCN:O uUI
WRITE (5,410) ~10,LIUUI

410 FOK:IAT (1' i;t' 41()--',
I-TOTAL, # NODES COMM-ON TO SAIOG)S= ,I10,
1 1/OUTPUT NODES TO SALOGS= ,i10,

2 /jINPUT NODES FiS&4 S.LOGS= ',I10)
IF (NUlCo-; EQ.O0) Go 10 475
IF (NULJIoU1T.GT.0) lURTE (2,415)

IF (NUKMOUT.CT.0) 1,ITrr. (5,415)

415 FOR!!X'T (/7~ OUTLIST**'/0(T8A,)
IF (14MIN.C'r.0) ~NP0J+
IF (NIN ;.U ITT; (2, 420)

1 ((LSTCON(1 J),m]=!,AXTD) I=K,NUMCW,,)
IF (NUMflN. CT. 0) LRN(5,4/20)

1 ( (sN(IIS, J) , J 1 ,NAXIO-U) , LK,NUN CONl)
420 FOT\i.'.'i' (/, NLISC :A,,0(2,I~,)
475 REILN

110
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1 , .1)

1 A CAUS) V)110,

00 t IT (2 70)

701 FJ,'uA' CO n: C 6'01.-- A9 NODE'S TST CUlIloN

CIL [ W ALC

700 T(2-,8701)

701 FOKIl, (' 801- A"" 71VI MUTF~f

CALL HALT

END)
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c
C

c

I clVi'I , fI

IBKI-T 11-
to c () INT I E U4

100 CUi:W

1111 U 'I BKPT I
R LI 'KN
END
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C

D5 10~2'- KC,

1D0 7 j~l ,!l.\xr
IF~ (11I n:l (.1) .- E. 1Y'I(] ,fl) GO "!) It'

7 CONTNE'i
GO TO 60

10 CONT INVE'
IF (IC):cLE,.!EQ.2.OP.

1 CC2CE Q.1 N.IIC.E.1 ) To'' 500
LIiT~l IPlACF-i
IPLACEI, -
GO TO 5

50 IlYPAi*l.(I , 'IANTl , 1),r)

DO 55 3=1 ,MA.X1)

55 CONTINil':
60 IDDA S, 1 -i

500 WR ITE (2, 501)

501 FOFM 'IT (' - 1 o Vi 3-- CANT llXSfi AINY-t o:Ins
CALL ,MJNL
E' NI1)
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C

G 1, lII'ii
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C ((4 6-1 1

C [olI I)-]t

C 0(1 P; A '! I IV.AV

C
C Ltl'! 1 iS 141'7T ~ I~
C LiNt 2 NCI' ' ;' AKEI' Rft, Vf JUW3 'IF1 VI")

1F (GO TOIs VJ N u£ 700
W".11T E (2,

1O-A 'iI I:,%CT I 1 7 N "1 IPUT3' ,5X~:5', -L ,5

2 'N.M' 5X, i'S i1 )

C LOOP A 10 1]" TO (AU , B UV111WILOCXT 'NV1'S AND)
C THlE R; PARVY2'IT
C

D 0 5 0 2 ''V2

R A 1 1 N 'i I T 1 1Ulx7V, 0 .,T N " i

10 FORMAT (~./33
C
C H!"Z1il I': ''

C

IF (I .j)('A 53

'C Pi'ACC 0!.022I T14'I2l, "T1O' IN'10 IT'S IROPEV 1PLACE1 IN) THE

Zi C NA'V:':,; TIABE

N I~i

40( 1UI2o .I (s, ' 1  I ix~ , I I ,'N I, 1',)I, ((A, IN))
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(I F (*. : , 600,

45 I 0 .I U ; ,

45 CO~i :T1 ;;

50 CJ.N' LNUL.
C
C EIRO.'. :UKCS \,ql,
C

53 C;1 FR (2, %) VX'LK
W ]'(T . (5,55) .

55 FOo'A (TO RO .--- '!.VO Y P) ICL .iU0',
I " b4/AX~iL<-=", 1i0)

C.L. HALT

100 ti:I'i (2, 210)
WRT ' (5,210)

210 FORMHAT (IX)

450 1:ZIYr, (2,451) i,/,XBLK
W.,RITE (5,45_,;') ,;L',X:L;t

451 Fo1-!,1: ("' RI: "2' 451--- 022 OF Tile: ,- vv PARiA!;TLKS
I =0 O x THE ? IN FNU?>',15)

CALL, HALT

500 17 15,', (2,501)
Wl WITE (5,501)

501 FORMAT (- RJAIUU- 501-- THE ? 11 TNIL '', OVE F;N[.:'? IS A',

I ' DUPLICATE'-)
CALL HALT

600 WiIT% (2,601)
WJ,T (5,691)

601 Ft;MAT ( ' ..2 1 601-- ,L; Ai(OVE L02 N. I,\1
1 " 1NVA;,t() CIIAR/ARiFE]LS (A-Z,(]-'.J ONLYf)')

CAW, HALT
700 CRI'f2 (2,701)

W ii kP (5,701)

701 Fo:,uR 1T ( R :.D4! 70]-- SYN;TE. uusOR, M:AXN. '
1 " }iA,: .1 2 * ~CANT M; 1.1i N ,'{;;Y FOR FRUOM?'

2 DUP),TCATIUN (n:CK')

* , CALL, RAL

END
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